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Abstract
Community sexual bridging may influence the socio-geographic distribution of heterosexually 
transmitted HIV. In a cross-sectional study, heterosexual adults at high-risk of HIV were recruited 
in New York City (NYC) in 2010 for the Centers for Disease Control and Prevention-sponsored 
National HIV Behavioral Surveillance system. Eligible participants were interviewed about their 
HIV risk behaviors and sexual partnerships and tested for HIV. Social network analysis of the 
geographic location of participants’ recent sexual partnerships was used to calculate three sexual 
bridging measures (non-redundant ties, flow-betweenness and walk-betweenness) for NYC 
communities (defined as United Hospital Fund neighborhoods), which were plotted against HIV 
prevalence in each community. The analysis sample comprised 494 participants and 1534 sexual 
partnerships. Participants were 60.1 % male, 79.6 % non-Hispanic black and 19.6 % Hispanic 
race/ethnicity; the median age was 40 years (IQR 24–50); 37.7 % had ever been homeless (past 12 
months); 16.6 % had ever injected drugs; in the past 12 months 76.7 % used non-injection drugs 
and 90.1 % engaged in condomless vaginal or anal sex; 9.6 % tested HIV positive (of 481 with 
positive/negative results). Sexual partnerships were located in 33 (78.6 %) of 42 NYC 
communities, including 13 “high HIV-spread communities”, 7 “hidden bridging communities”, 0 
“contained high HIV prevalence communities”, and 13 “latent HIV bridging communities”. 
Compared with latent HIV bridging communities, the population racial/ethnic composition was 
more likely (p < 0.0001) to be black or Hispanic in high HIV-spread communities and to be black 
in hidden bridging communities. High HIV-spread and hidden bridging communities may 
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facilitate the maintenance and spread of heterosexually transmitted HIV in black and Hispanic 
populations in NYC.
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Introduction
Heterosexual transmission is the second largest risk category among persons living with 
HIV/AIDS (PLWHA) and of those newly diagnosed. In 2012, of 908,071 adult and 
adolescent (13 years of age or older) PLWHA in the United States (US), 18.9 %, were 
infected through heterosexual transmission, as were 19.8 %, of 115,871 adult and adolescent 
PLWHA in New York City (NYC) [1, 2]. Among adults and adolescents newly diagnosed 
with HIV in 2012, heterosexual transmission accounted for 15.0 % of 41,643 new HIV 
diagnoses in the US, and 20.1 %, of 2985 new HIV diagnoses in NYC [1, 2].
Heterosexually transmitted HIV is often concentrated in low-income geographic areas with 
majority black or Hispanic populations [3, 4]. Although public health resources to address 
heterosexually transmitted HIV are typically directed to those areas with high HIV 
prevalence in heterosexuals [5–7], identifying areas in which future HIV outbreaks or 
epidemics among heterosexuals may occur could help to inform a more comprehensive 
approach. Such an approach may be developed by conceptualizing at-risk geographic areas 
as part of a geographic HIV transmission network.
An HIV transmission network comprises nodes and the links between nodes, such as high-
risk sexual relationships, through which HIV is spread. A geographic HIV transmission 
network describes the spread of HIV between geographic areas, especially from higher 
prevalence to lower prevalence areas. The sexual spread of HIV from a higher prevalence to 
a lower prevalence area requires sexual “bridging” whereby people or places may be bridges 
for the spread of sexually transmitted HIV between different geographic areas [8–12]. When 
people are bridges, HIV infected people from higher prevalence areas may travel to lower 
prevalence areas where they sexually transmit HIV to their sexual partners in these areas, 
who in turn may transmit HIV to their sexual partners in these same areas (a similar process 
can occur for uninfected people from lower prevalence areas who travel to and acquire 
sexually transmitted HIV in higher prevalence areas). When a place is a sexual bridge, 
infected and uninfected people from higher and lower prevalence areas may sexually mix in 
these places, such as bars or neighborhood “cruising” locations, which may be in areas 
where neither infected nor uninfected people are from, e.g., in “red light” districts in urban 
areas [13–19].
In the following, social network analysis is used to identify urban geographic communities 
(the term “communities” is used interchangeably with “areas” and “neighborhoods, as 
appropriate) in NYC by their bridging potential for facilitating the geographic spread of 
heterosexually transmitted HIV. This analysis uses self-reported data on the geographic 
location of recent sexual partnerships obtained from a 2010 study of heterosexuals at high-
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risk of HIV acquisition in NYC. Building on an approach used by Youm et al. to measure 
community sexual bridging in Chicago, three bridging measures were calculated (non-
redundant ties, flow-betweenness and walk-betweenness) [20, 21]. A hierarchical spatial 
bridging measure was derived from these measures to provide a comprehensive assessment 
of community sexual bridging that may influence the geographic distribution of 
heterosexually transmitted HIV in NYC.
Methods
Sampling, Eligibility and Protocol
In 2010, heterosexuals at high-risk of HIV, defined below, were recruited in NYC to 
participate in the second heterosexual cycle (HET2) of the National HIV Behavioral 
Surveillance (NHBS) system, which is sponsored by the Centers for Disease Control and 
Prevention (CDC) and is conducted in 20 cities throughout the United States and in Puerto 
Rico. NHBS is a cross-sectional study that monitors HIV risk behaviors, testing history, the 
use of HIV prevention services, and HIV prevalence among men who have sex with men, 
injection drug users, and heterosexuals at high-risk in 3-year cycles [22, 23]. Data for the 
analysis described herein are from the NYC site of NHBS.
Heterosexuals at high-risk were defined as persons who both engaged in sex with an 
opposite gender partner in the past 12 months and who resided in a high-HIV-risk area 
(HRA) or were recruited through a social network recruitment chain that originated in a 
HRA. HRAs were geographic areas where heterosexuals were at greater risk of 
heterosexually acquired HIV compared with other areas in the Metropolitan Statistical Area. 
In HET2, the target HRAs in NYC were developed from the overlap of high poverty census 
tracts (based on U.S. Census data) with zip codes that were in the top 50 % of the 
heterosexual HIV case rate for new diagnoses between 2005 and 2008 (based on HIV 
surveillance data from the NYC Department of Health and Mental Hygiene (DOHMH)). 
Three main HRA clusters were identified, in Central and Northern Brooklyn, Northern 
Manhattan, and South and Central Bronx.
The sample was accrued using respondent-driven sampling (RDS) [24, 25]. Ethnographers 
selected eight initial recruits (seeds) from the target HRAs. Eligible seeds had to reside in a 
HRA, be eligible for study participation, be socially gregarious (i.e., be sociable and 
outgoing), have large social networks comprised of their existing social contacts, (i.e., 
people they know who they had seen recently), and had to have never injected drugs. After 
completing the study, seeds were asked to recruit up to three peers in their social networks 
(friends, relatives or people they were close to, aged 18–60 years, who resided in NYC, and 
who they had seen in the past 30 days). Study participants were in turn asked to recruit their 
peers, and so on, until the target sample size was met. Participants could not recruit others if 
they (the participants) had a household income that was above the poverty guidelines and 
they had greater than a high school education, or if they had injected drugs in the past 12 
months.
Other participant eligibility criteria included self-identifying as male or female, having had 
vaginal or anal sex with opposite gender partners in the past 12 months, aged 18–60 years, 
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residing in NYC, being able to complete the interview in English or Spanish (which was 
determined by interviewing staff during the eligibility screening process), and not previously 
participating in HET2. Heterosexuals at high-risk were not excluded if in addition to 
opposite-gender partners they also had same gender partners.
After giving their informed consent, participants were administered a computer-assisted, 
structured interview in private by trained interviewers, with interviewers entering 
participants’ responses into the computer. Interviews were conducted at two study research 
offices, one of which was in Crown Heights in Brooklyn, and the other in Central Harlem in 
Manhattan. After the interview was completed, a trained phlebotomist used venipuncture to 
obtain blood specimens from consenting participants and asked them to return for their HIV 
test results in 2 weeks after the specimens had been tested by the Public Health Laboratory 
of the NYC DOHMH. Those testing positive and those testing indeterminate were referred 
to HIV testing services. Participants were paid $20 for the interview, $10 for the HIV test, 
and $10 for each eligible participant they recruited. Participation in the study was 
anonymous.
Ethics
All procedures involving human subjects were reviewed and approved by the Institutional 
Review Boards of the NYC DOHMH, National Development and Research Institutes, and 
CDC.
Data Sources
The questionnaire included core questions for the national study and local questions to 
address local research interests. Core questions asked participants about their 
sociodemographic characteristics, drug and alcohol use, sexual risk behaviors and 
partnerships, and other HIV-related information. Risk behaviors are for the past 12 months 
unless specified otherwise. Blood specimens were screened for HIV antibody (Genetic 
Systems HIV-1/ HIV-2 PLUS “O” EIA, Bio-Rad Laboratories, Hercules, CA, USA) and 
positive specimens were confirmed using HIV1 Western blot platforms (Genetic Systems 
HIV-1 Western blot, Bio-Rad Laboratories, Hercules, CA, USA).
Communities
In the local NYC questionnaire, participants were asked to identify the closest street 
intersection of the place where they last had sex with up to 6 of their most recent partners in 
the past 12 months. The street names for the intersection were entered into “Geocoder”, a 
geocoding program that was developed and is maintained by the NYC DOHMH, to generate 
zip codes from geographic coordinates. The zip codes were recoded into United Hospital 
Fund neighborhoods for NYC. United Hospital Fund neighborhoods consist of 42 adjoining 
zip code areas, designated to approximate NYC Community Planning Districts [26] (see Fig. 
1).
Bridging Measures
Bridging measures were calculated using relational data obtained in the NYC local 
questionnaire, with communities as the network nodes and the sexual ties between these 
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communities as the links between the nodes. For example, if a participant had sex with a 
partner in community A and with another partner in community B, then a sexual tie would 
link community A with community B (A, B) and community B with community A (B, A). 
Additional sexual ties would be created for the index participant in community A (A, A) and 
community B (B, B) if the participant had sex with a partner in each community. UCINET© 
version 6.0 was used to create a symmetrical square data matrix in which both the rows and 
the columns were the communities and the cell elements were the number of sexual ties 
between communities or within the same community (the matrix diagonal). Three bridging 
measures were calculated, including “non-redundant ties” [27], “flow-betweenness” [28], 
and “walk-betweenness” [21, 29]. For each measure, the greater the bridging score of a 
node, then the greater the node’s bridging potential. The non-redundant ties and flow-
betweenness measures were calculated using, respectively, the “structural holes” and “flow-
betweenness” procedures in UCINET, and walk-betweenness using a customized MATLAB 
program [21]. Network diagrams using hypothetical data to illustrate the network structure 
of the bridging measures were constructed using NetDraw © version 2.099 and are shown in 
Fig. 2a–c.
The non-redundant ties measure utilizes the direct ties of a node with other nodes and the 
ties between these other nodes. If the nodes in a network are not all directly connected to 
one another then there are “structural holes”, i.e., some nodes can only be connected by 
intermediary nodes. Non-redundant ties are those ties which are necessary to link nodes that 
otherwise would not be linked. For example, if in a local network comprising three nodes 
(A, B, and C) B is only connected to C through A, and C is only connected to B through A, 
then A’s ties with B and C are non-redundant, i.e., A has two non-redundant ties, while B 
and C each have one non-redundant tie (with A) (Fig. 2a).
The flow-betweenness measure utilizes both direct and indirect paths between nodes. Direct 
paths directly link nodes without any intermediary nodes, whereas indirect paths between 
nodes go through intermediary nodes in order to link other nodes in a network. The flow-
betweenness score for any intermediary node represents the number of ties between all other 
nodes in the network which must go through the intermediary node. For example, in a 
community sexual network with four community nodes (A, B, C and D), with B as an 
intermediary node of interest (e.g., B is a community where many motels are located which 
charge room rates by the hour for commercial sex encounters between partners from 
different communities), A to C is linked by nine direct or indirect sexual ties, A to D by six, 
and D to C by six (Fig. 2b). The maximum number (or “maximum flow”) of sexual ties 
carried by A, C and D totals 21 sexual ties. For example, of the nine sexual ties linking A to 
C, one is a direct tie between A and C, three are indirect ties through D, and five are indirect 
ties through B. With B as the intermediary node of interest, in addition to the five ties that 
pass through B on the A to C paths, there are two on the A to D paths, and two on the C to D 
paths. Of the 21 sexual ties linking communities A, C and D, nine must go through B, so 
that the normalized flow-betweenness score for B, expressed as a proportion of maximum 
flow, is 0.429 (9/ 21).
The walk-betweenness measure developed by Youm [21], utilizes both direct and indirect 
ties between nodes, which are assumed to be linked through walks, i.e., an alternating 
Neaigus et al. Page 5













sequence of nodes and links between nodes with each link connected to the node that 
immediately precedes and follows it. In contrast to the flow-betweenness measure, the walk-
betweenness measure allows for multiple and repeated ties between nodes, e.g., multiple 
HIV infected individuals may repeatedly travel to certain communities where they transmit 
HIV to their sex partners in these communities. The walk-betweenness score for an 
intermediary node is the proportion of the total ties between all other nodes in a network 
which go through the intermediary node. For example, if in a community sexual network 
with four nodes (A, B, C and D) there are 14 sexual ties that connect nodes A and C, four of 
which pass through an intermediary node, B, then B’s walk-betweenness score for the A to 
C tie is 0.29 (4/14). If B’s walk-betweenness score is 0.33 (4/12) for the A to D tie, and 0.33 
(4/12) for the C to D tie, then B’s walk-betweenness score for the network of A, B, C, and D 
is 0.95 (the sum of 0.29, 0.33, and 0.33) (Fig. 2c).
NYC Community HIV Prevalence for Non-MSM
HIV prevalence by NYC communities (United Hospital Fund neighborhoods) and in NYC 
overall used 2010 NYC HIV/AIDS case surveillance data, which geocodes cases using a 
case’s last known address [30]. The HIV prevalence rate was calculated as the number of 
PLWHA per 100,000 people for NYC overall and for each NYC community. PLWHA 
whose transmission risk was “men who have sex with men” were excluded from the 
numerator because the focus of the analysis was on heterosexuals.
Analysis
For individual participants, categorical data were analyzed using frequencies, percentages, 
and the prevalence ratio, normally distributed continuous data were analyzed using means 
and standard deviations, and non-normally distributed continuous data using medians and 
interquartile ranges (IQR).
The unit of analysis for analyzing community sexual bridging was the NYC community. 
Each bridging score (the vertical axis), was plotted against community HIV prevalence rates 
for non-MSM per 100,000 residents (the horizontal axis). For each bridging measure, the 
median bridging score and the overall NYC HIV prevalence rate for non-MSM per 100,000 
residents were used, respectively, as horizontal and vertical plot references to determine each 
community’s bridging potential. Bridging scores above the horizontal plot reference line 
indicate higher bridging and bridging scores below the horizontal plot reference line indicate 
lower bridging. Community HIV prevalence to the right of the vertical reference line 
indicates higher community HIV prevalence, and community HIV prevalence to the left of 
the vertical reference line indicates lower community HIV prevalence. Based on the 
combination of bridging position and community HIV prevalence position, communities 
were categorized as: higher bridging and higher HIV prevalence; higher bridging and lower 
HIV prevalence; lower bridging and higher HIV prevalence; and lower bridging and lower 
HIV prevalence [20]. All three bridging measures were used to derive a 4-category 
hierarchical community sexual bridging measure: (1) any higher bridging and higher 
community HIV prevalence (“high HIV-spread communities”); (2) any higher bridging and 
lower community HIV prevalence (“hidden bridging communities”); (3) only lower bridging 
and higher community HIV prevalence (“contained high HIV prevalence communities”); 
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and (4) only lower bridging and lower community HIV prevalence (“latent HIV bridging 
communities”). The association of the community bridging categories with the population 
racial/ethnic composition of NYC communities was examined using US Census 2010 
population data aggregated at the United Hospital Fund neighborhood level.
RDS weights were not used for the statistical analysis. RDS weights are often used to 
estimate the population parameters of individual participant attributes (e.g., race/ ethnicity) 
from a RDS sample in order to adjust for differences in participants’ social network size and 
homophily (i.e., preferential in-group recruitment), which can bias the probability of 
participant recruitment. However, the focus in this analysis was on sexual networks between 
communities in NYC rather than on individual participant attributes.
Results
Sample Analyzed
The eight seeds generated 625 non-seed recruits as potential participants. The seeds resided 
in three HRA clusters, including Central Brooklyn (three seeds), Central Harlem (three 
seeds), and the South Bronx (two seeds). They included four females and four males, seven 
blacks and one Hispanic, and were between 20 and 54 years of age (median 33 years). Of 
the 625 recruited, 523 were eligible participants who had 1896 sexual partnerships. Of the 
523 eligible participants, 29 (5.5 %) provided no geographic data on their sexual 
partnerships. Of the 1896 sexual partnerships, 88 (4.6 %) contained no geographic data and 
274 (14.5 %) had invalid geographic data, including geographic data with missing street 
names, streets that did not intersect, or unknown street names. The analytic data set 
comprised 494 participants and 1534 sexual partnerships.
Compared with participants who provided valid geographic data for all of their sexual 
partners (n = 347), those who reported no sexual partner geographic data (n = 29) or did not 
report valid geographic data for all of their sexual partners (n = 147) were significantly (p < 
0.05) less likely to be married or cohabiting and, in the past 12 months, were more likely to 
have ever been homeless, to have engaged in condomless anal sex, and to have had sex 
exchange partners (data not shown).
Participant Characteristics
The 494 participants analyzed resided in Brooklyn (53.2 %), Manhattan (31.4 %), Bronx 
(13.6 %), and Queens (1.8 %) (Table 1). Participants were 60.1 % male and 39.9 % female, 
79.6 % were non-Hispanic black race/ ethnicity and 19.6 % Hispanic, the median age was 
40 years (IQR 24–50), and 23.9 % reported a non-heterosexual identity. Ever being 
homeless in the past 12 months was reported by 37.7 %. Other sociodemographic 
characteristics are shown in Table 1.
In the past 12 months, 4.3 % injected drugs and 16.6 % had ever during their lifetime 
injected drugs (which includes both current and former injectors). Many used non-injection 
drugs (for specific non-injection drugs see Table 1) and engaged in binge alcohol use 
(respectively, 76.7 and 57.7 %). In the past 12 months, most (89.8 %) engaged in 
condomless vaginal sex and many (44.1 %) in condomless anal sex, with 90.1 % engaging in 
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condomless vaginal or anal sex. The median number of sexual partners was 4 (IQR 2–7); 
29.8 % engaged in exchange sex.
The majority (57.9 %) reported sexual partnerships in their own NYC community only, 
11.9 % in outside communities only, and 30.2 % both in their own and outside communities. 
Participants reported sexual partnerships in 33 (78.6 %) of 42 NYC communities. A network 
diagram, created using NetDraw, of sexual partner ties (dichotomized) between NYC 
communities is shown in Fig. 3.
Few (3.0 %) reported being HIV positive, 79.2 % reported being HIV negative, and 17.8 % 
did not know their HIV status. In the study, 9.3 % tested positive, 88.1 % negative and 2.6 % 
were unknown (indeterminate or test not done). Of 481 with HIV positive or negative test 
results, 46 (9.6 %) tested positive and 435 (90.4 %) tested negative. Of those testing positive, 
43.5 % reported a history of ever injecting drugs during their lifetime, compared with 
13.4 % of those testing negative (prevalence ratio 3.2; 95 % CI 2.1, 4.7; p < 0.0001).
Community Sexual Bridging
Plots of community sexual bridging are shown in Fig. 4a – c for each network bridging 
measure. The median score for each bridging measure, described below, is represented on 
the bridging measure plots as the horizontal reference line. The overall NYC HIV prevalence 
rate for non-MSM per 100,000 residents was 893.15 and is represented on the bridging 
measure plots as the vertical line; it was calculated from the number of non-MSM PLWHA 
in NYC divided by the NYC population in 2010 multiplied by 100,000, or 
(73,016/8,175,133) * 100,000.
The median number of non-redundant ties was 8.37 (IQR 2.79–9.94) (Fig. 4a). Many higher 
HIV prevalence communities also had higher non-redundant ties. As shown in the upper left 
quadrant of Fig. 4a, four communities (102, 407, 408, and 410) had lower HIV prevalence 
but a higher number of non-redundant ties.
The median flow-betweenness score was 10.92 (IQR 1.45–40.52) (Fig. 4b). Community 
203, Bedford-Stuyvesant—Crown Heights (not shown on the plot), had the highest flow-
betweenness score (241.58) and higher HIV prevalence (1579.82/100,000). Five 
communities (202, 309, 407, 408, and 409) had lower HIV prevalence but higher flow-
betweenness scores. Of these, three (202, 309, and 409) were not identified as higher 
bridging using non-redundant ties.
The median walk-betweenness score was 280.65 (IQR 165.30–341.86) (Fig. 4c). 
Community 203, Bedford-Stuyvesant—Crown Heights, had the highest walk-betweenness 
score (438.70). Four communities (102, 202, 408, and 410) had lower HIV prevalence but 
higher walk-betweenness scores. Community 207, a higher-HIV-prevalence community, 
which was categorized as lower bridging using the other measures, was higher bridging 
using the walk-betweenness measure.
Using the hierarchical bridging measure (Table 2), of the 33 communities in the sample, 20 
(60.6 %) overall were higher bridging, including 13 (39.4 %) high HIV-spread communities 
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and 7 (21.2 %) hidden bridging communities. There were 13 (39.4 %) latent HIV bridging 
communities. None of the higher HIV prevalence communities were contained.
The high HIV-spread communities were geographically clustered (Fig. 5). The two main 
clusters were in Central and Northern Brooklyn, and in Northern Manhattan combined with 
South, Central and Eastern Bronx. Chelsea-Clinton, in South-Western Manhattan, was also a 
high HIV-spread community. Four of the seven hidden bridging communities were adjacent 
to high HIV-spread communities while three, in Eastern Queens, were adjacent to other 
hidden bridging communities or to latent HIV bridging communities.
The community sexual bridging categories were associated with the population racial/ethnic 
composition of the NYC communities. Compared with latent HIV bridging communities, 
the population in high HIV-spread communities had a significantly (p < 0.0001, χ2 = 
1,393,700) greater percentage of black or Hispanic residents (37.8 vs. 9.5 % for blacks, and 
43.0 vs. 22.8 % for Hispanics) than residents who were white or other race/ethnicity (13.0 
vs. 45.4 % for whites, and 6.1 vs. 22.3 % for other). Hidden bridging communities compared 
with latent HIV bridging communities contained a significantly (p < 0.0001, χ2 = 
1,393,700) greater percentage of black residents (33.8 vs. 9.5 %) and a significantly lower 
percentage of white residents (25.9 vs. 45.4 %).
Discussion
Community sexual bridging was common in this NYC sample of heterosexuals at high-risk 
of HIV. Moreover, HIV prevalence was high, with 9.6 % testing positive of those with 
positive or negative results compared with the overall 2010 NYC prevalence of PLWHA of 
1.4 % [30], and many engaged in HIV risk behaviors. Most participants engaged in 
condomless sex and three-quarters used non-injection drugs. A substantial proportion of 
participants reported a lifetime history of ever injecting drugs, and of those testing HIV 
positive close to half had ever injected drugs. This suggests that the risk of acquiring 
heterosexually transmitted HIV from condomless sex with current or former drug injectors is 
considerable in NYC [31, 32].
A majority of NYC communities in the sample were higher bridging communities, and a 
majority of these were high HIV-spread communities. Most high HIV-spread communities 
overlapped with or were geographically proximate to the HRAs where sample recruitment 
was initiated. A majority of the hidden bridging communities were adjacent to high HIV-
spread communities. The geographic distribution of higher bridging communities in NYC 
suggests that heterosexual sexual networks in these communities cover multiple, often 
geographically proximate communities which, along with risk behaviors and relevant social 
factors, facilitate the maintenance of endemic levels of heterosexually transmitted HIV [4, 
11, 33]. In addition, hidden bridging communities with inadequate HIV prevention resources 
may continue to propagate the HIV epidemic among heterosexuals since they maintain 
social and sexual ties with higher prevalence communities.
Community sexual bridging was associated with the population racial/ethnic composition of 
NYC communities. Higher bridging communities had a greater percentage of black or 
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Hispanic residents compared with latent bridging communities. This association parallels the 
population distribution of heterosexually transmitted HIV in NYC, which is predominantly 
and disproportionately found among black women followed by Hispanic women [30, 34]. 
Hidden bridging communities were more likely to include black residents, which may 
facilitate the spread of heterosexually transmitted HIV among black women in lower-HIV-
prevalence communities.
A possible explanation for the association of the racial/ ethnic composition of NYC 
communities with community sexual bridging is that sexual partner selection between 
different communities may be influenced by racial/ethnic homophily, i.e., preferential in-
group association by race/ ethnicity [35–37]. In particular, racial/ethnic sexual homophily 
has been found to be greater among blacks compared with other race/ethnic groups [36]. An 
analysis, using data from the 494 participants in the analysis data set, was conducted of the 
race/ethnicity of participants’ sex partnerships in the past 12 months dichotomized by the 
race/ethnicity of their sex partners, e.g., having “any black sex partners” yes/no, (N = 700 
dichotomized sex partnerships). Black participants were significantly (p < 0.0001, χ2 = 
46.46) more likely to have any black sex partners (69.6 % of 549), than were Hispanics to 
have any Hispanic sex partners (50.7 % of 144), whites to have any white sex partners 
(0.0 % of 3), and “other” to have any “other” sex partners (0.0 % of 4). Racial/ethnic 
homophily in the preferential selection of sex partners may also reflect residential location 
and segregation by race/ ethnicity. Sexual partners may be selected from those who are 
geographically proximate, particularly if there is also a high level of residential segregation 
by race/ethnicity in proximate communities. This may create a “small world phenomenon”, 
with clusters of sex partners in geographically proximate communities that are linked to 
each other through relatively short paths involving sexual network bridging [38], a network 
structure which is consistent with the network of NYC community heterosexual sexual ties 
shown in Fig. 3.
Community sexual bridging in NYC may also be associated with homelessness and 
subsequent geographic mobility. Many participants experienced homelessness in the past 12 
months. A high prevalence of homelessness and geographic mobility, especially in high 
HIV-spread communities, may facilitate the spread of heterosexually transmitted HIV 
between NYC communities. A structural process that may have contributed to high levels of 
homelessness in HRAs in NYC is “urban desertification”, whereby mass housing 
abandonment and arson, such as occurred in the South Bronx during the 1980s, contributes 
to the fragmentation of social networks, high levels of geographic mobility by individuals at 
risk of or infected with HIV, and the spread of HIV across urban neighborhoods [39].
Describing and understanding patterns of community sexual bridging can enhance 
geographically targeted HIV interventions in urban areas. If public health resources are only 
allocated to high HIV prevalence areas, the role of hidden bridging communities in the 
spread of HIV may be overlooked. Similarly, high HIV prevalence localities imbedded 
within communities with lower HIV prevalence may be missed [7]. Using social network 
analysis to identify communities where community sexual bridging by heterosexuals occurs 
and implementing appropriate interventions in these communities may have a multiplier 
effect by interrupting the spread of heterosexually transmitted HIV across urban 
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communities. Such an approach may be useful in NYC as well as in other cities with similar 
epidemics of heterosexually transmitted HIV.
Limitations
The study has several limitations. A third of participants did not provide adequate 
geographic data on their sexual partnerships, which may have led to underestimating the 
extent of community sexual bridging. Intra-NYC community differences in HIV prevalence 
and bridging may not have been measured for heterogeneous United Hospital Fund 
neighborhoods which cover a large geographic area or with a large population [7]. Although 
study participants who recruited their peers may have had a financial incentive to increase 
the likelihood that their peers would be eligible, this source of recruitment bias may have 
been minimized because of the broadness of the eligibility criteria. It is possible that men in 
black and Hispanic majority communities may be more likely than men in other 
communities to underreport having sex with men because of higher levels of stigma against 
male homosexuality in these communities. This reporting bias could lead to an 
underreporting of men who have sex with men in the case surveillance data and in the study, 
although men who engaged in sex with men and women were eligible for study 
participation. The data are cross-sectional and consequently the dynamics of community 
sexual bridging could not be measured, e.g., if participants’ sex partners moved after the 
reported sexual encounter. Recall bias may be more likely for sexual encounters which 
occurred earlier in the 12 month recall period. Other factors that may influence community 
HIV risk and sexual bridging among heterosexuals, including the socioeconomic dynamics 
between communities, community viral load, community social cohesion, and whether some 
people engage in more bridging between communities than do others were not analyzed but 
may be areas for future research. RDS sampling tends to recruit participants from well-
connected social networks who, in this study, may have had more sexual partnerships than 
those who were less socially connected [40]. Caution is therefore necessary in generalizing 
the results of this study to heterosexuals in NYC who may be less socially connected.
Conclusions
Social network analysis revealed patterns of sexual bridging between NYC communities. 
While many higher HIV prevalence communities were also higher bridging communities 
that may sustain endemic heterosexually transmitted HIV, other communities were lower in 
HIV prevalence but had higher community sexual bridging with the potential to spark 
outbreaks in lower prevalence communities. Together, high HIV-spread and hidden bridging 
communities may facilitate the maintenance and spread of heterosexually transmitted HIV in 
black and Hispanic populations in NYC. In order to interrupt the chain of heterosexual HIV 
transmission across urban communities with populations at high-risk, interventions can be 
enhanced by targeting both high HIV-spread and hidden bridging communities.
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Network structures of community sexual ties illustrating three bridging measures. a Non-
Redundant Ties. (In the UCINET © version 6.0 “structural holes” procedure, the number of 
non-redundant ties for a given node is the node’s “effective network size”, which is the 
number of other nodes to which that node is directly linked minus the average number of the 
other nodes which are directly linked to each other; in the example, A is directly linked to 2 
other nodes and B and C are directly linked to an average of 0 other nodes, excluding A, so 
that A’s effective network size is 2.0.) b Flow-betweenness. c Walk-betweenness. A, B, C, 
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and D are the network nodes; “_n_” is the number of sexual ties between network nodes; 
Lines are scaled according to “n”, the number of sexual ties between network nodes
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NYC United Hospital Fund Communities with sexual network ties (The community nodes 
are scaled according to the number of other communities to which they are directly 
connected [i.e., their community degree, e.g., Bedford Stuyvesant—Crown Heights is 
directly connected to 24 other communities and Canarsie—Flatlands to 5])
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Bridging scores. a Non-redundancy by United Hospital Fund Community HIV prevalence 
rate (per 100,000). b Flow-between-ness by United Hospital Fund Community HIV 
prevalence rate (per 100,000). (The flow-betweenness scores are the absolute, unnormalized 
values, and are calculated in UCINET© version 6.0 using an approach that was introduced 
in version 5.2.0.0 and later. Both versions yield the same flow-betweenness rank order for 
United Hospital Fund Communities relative to the median flow-betweenness score. The 
United Hospital Fund Community with the highest flow-betweenness score, United Hospital 
Fund Community 203, Bedford-Stuyvesant—Crown Heights [flow-betweenness score = 
241.58, HIV prevalence rate = 1579.82/100,000], was removed from the plot to improve 
readability). c Walk-betweenness by United Hospital Fund Community HIV prevalence rate 
(per 100,000)
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Hierarchical community sexual bridging by United Hospital Fund Communities (hidden 
bridging communities identified)
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Table 1
Characteristics of participants analyzed, heterosexuals at high-risk, National HIV Behavioral Surveillance 





  Manhattan 155   31.4
  Queens 9     1.8
  Brooklyn 263   53.2
  Bronx 67   13.6
  Staten Island 0     0
Gender
  Male 297   60.1
  Female 197   39.9
Race/ethnicity
  Black 393   79.6
  Hispanic 97   19.6
  White 2     0.4
  Other 2     0.4
Age
  18–29 173   35.0
  ≥30 years 321   65.0
  Median age (IQR) 40 (24–50)
Non-heterosexual identity 118   23.9
Not married/not living as married 421   85.2
Less than high school graduation/GED 212   42.9
Income <10 k (past 12 months) 276   56.2
Homeless (past 12 months) 186   37.7
Arrested (past 12 months) 157   31.8
Drug and alcohol use
  Drug injection (lifetime) 82   16.6
  Drug injection (past 12 months) 21     4.3
  NI drug use (any NI drugs) 379   76.7
  NI crack use 112   22.7
  NI cocaine use 114   23.1
  NI heroin use 110   22.3
  NI methamphetamine 6     1.2
  NI marijuana 308   62.4
  Binge alcohol usea (past 12 months) 285   57.7
Sexual risks (past 12 months)
  Condomless vaginal sex 443   89.8
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Characteristics Total
N
  Condomless anal sex 218   44.1
  >3 heterosexual sexual partners 251   50.8
  Median number of sex partners (IQR) 4 (2–7)
  Sex exchange 147   29.8
UHF community location of sexual partnerships
  Own community only 286   57.9
  Outside communities only 59   11.9
  Both own and outside communities 149   30.2
Self-reported HIV infection status
  Positive 15     3.0
  Negative 391   79.2
  Unknown 88   17.8
HIV infection status
  Positive 46     9.3
  Negative 435   88.1
  Unknown (indeterminate or test not done) 13     2.6
NI non-injection
a
5 drinks at one sitting for men and 4 drinks at one sitting for women
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Table 2
Hierarchical community sexual bridging by high and low United Hospital Fund Community HIV prevalence 
rates
Hierarchical community sexual bridging United Hospital Fund Community HIV prevalence rate
High Low
Any high bridging “High HIV-spread communities” “Hidden bridging communities”
103—Fordham—Bronx Park 102—Northeast Bronx
104—Pelham—Throgs Neck 202—Downtown—Heights—Park Slope
105—Crotona—Tremont 309—Union Square—Lower East Side
106—High Bridge—Morrisania 407—Southwest Queens
107—Hunts Point—Mott Haven 408—Jamaica
203—Bedford Stuyvesant—Crown Heights 409—Southeast Queens
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